Assessment of scene changes in multi-sensor and multi-temporal fusion images of very high resolution satellite imagery by Yuhendra et al.
Assessment of scene changes in multi-sensor and multi-temporal fusion images of very high 
resolution satellite imagery 
Yuhendra1'2, Ilham Alimuddin1, Joshapat Tetuko Sri Sumanyto 1, Hiroaki Kuze1 
1 Center for Environmental Remote Sensing (CEReS), Chiba University, Japan 
2Department of Informatics, Faculty of Engineering, Padang Institute of Technology, Indonesia 
E-mail: yuhendra@graduate. chiba-ujp 
Abstract 
Image fusion and subsequent scene analysis are important for studying Earth surface conditions from remotely 
sensed imagery. The fusion of the same scene using satellite data taken with different sensors or acquisition times is 
known as multi-sensor or multi-temporal fusion, respectively. The purpose of this study is to investigate the effects 
of the multi-sensor, multi-temporal fusion process when a pan-sharpened scene is produced from low spatial 
resolution multispectral (MS) images and a high spatial resolution panchromatic (PAN) image. It is found that the 
component substitution (CS) fusion method provides better performance than the multi-resolution analysis (MRA) 
scheme. Quantitative analysis shows that the CS-based method gives a better result in terms of spatial quality 
(sharpness), whereas the MRA-based method yields better spectral quality, i.e., better color fidelity to the original 
MS images. 
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1. Introduction 
Following the rapid advance of new and greatly improved 
remote sensing (RS) sensor systems, various kinds of remote 
sensing data have been acquired and applied to a number of 
interdisciplinary Earth observation studies. The combination 
of low spatial resolution multispectral (MS) and high spatial 
resolution panchromatic (PAN) imaging sensors is usually 
used for change detection studies, each one having its own 
specific advantage (Chibani, 2007). Nowadays various 
operating sensors that can produce very high resolution 
(VHR) imagery (WorldView, QuicBird, GeoEye, and 
Orbview, etc.) are employed for purposes including image 
sharpening, land classification, change detection, and object 
identification (Zeng, 2010). In order to enhance the 
applicability of such image analysis based on remote sensing 
data, it is useful to consider image fusion of the same scene 
taken at different acquisition times with the same or different 
sensors. 
Since multi-sensor, multi-temporal, multi-resolution and 
multi-parameter image data are available from operational 
Earth observation satellites, possibly a more complete view 
of observed objects can be obtained through the fusion 
technique (Zhu and Tateishi, 2006). Studies of fusing 
multiple images provided by heterogeneous image sensors 
have been proposed in many literatures with different 
methodologies, context and purposes (Yuhendra et.al., 2012). 
The objective of this study is to analyze and assess the scene 
changes given to multi-temporal images by comparing two 
different algorithms of multi-resolution analysis (MR.A) and 
component substitution (CS). 
2. Study area and satellite imagery 
2.1 Study area 
The study area for this work is located in the downtown of 
San Francisco, California, with geographical coordinates of 
122°23'1.0S'W and 37°42'38.Sl''N. As shown in Fig. 1, the 
scene includes significant stretches of the Pacific Ocean and 
San Francisco Bay within its boundaries (Figure 1 ). 
2.2 Satellite images 
For this work, two optical images acquired by QuickBird 
(QB) and WorldView-2 (WV) on 11 November 2007 and 9 
October 2011, respectively, were used for investigating the 
performance of multi-sensor, multi-temporal fusion. The 
characteristics of both images are summarized in Table 1. 
Fig. 1 Study area in downtown San Francisco, US. 
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2.3. Spectral response of sensors 
Significant spectral distortion in the fusion product image 
can occur due mainly to the wavelength extension of the 
new satellite PAN sensors. Table 2 shows the wavelength 
range and spatial resolution of different PAN sensors. In 
image fusion techniques, it is important to properly include 
the sensor spectral response information (Otazu, et al., 2005). 
3.Methods 
3.1 Pre-processing 
Since the images used in this study were from two different 
sensors, several pre-processing steps are needed. From the 
original WV and QB, a total of 56 and 4 bands color 
combinations are produced and analyzed using the optimum 
index factor (OIF). The highest value of average OIF has 
been obtained for the band combination 3-5-7 and 2-3-4, 
both for WV and QB. The pixel size of WV PAN (0.5 m) is 
greater than that for QB PAN (0.6 m). Thus, in order to 
minimize the spectral difference, WV MS, QB MS and QB 
PAN image are used, after being re-sampled at 0.5 m using 
cubic convolution. Then, image registration is implemented 
by means of the rational polynomial coefficient with nearest 
neighbor transformation for attaining a good registration 
with the root-mean-square (RMS) error of 0.75 pixel value 
for all the ground control points (GCPs). 
WV _MS-2011/9/10 QB MS-2011/9/10 
Fig. 2 Multi-temporal optical images of QB and WV. 
Table 1. Characteristics of VHR optical sensors. 
Wav elength Resolution Date 
Sensor Band Nam e 
(µm) (m) Acquisi tion 
Bl(Blue) 0.45-0.52 
B2(Green) 0.52-0.60 
2.44-2.88 
QB B3(Red) 0.63-0.69 
B4(NIR) 0.76-0.90 
PAN 0.45-0.90 61 -72cm 
B l(NIRl) 0.77-0.89 11 Nov. 
B2(Red) 0.63-0.69 2007 I 
2.07 
B3(Green) 051-058 90ct 
B4(Blue) 0.45-051 2011 
WV-2 BS(R.Edge) 0.70-0.74 
B6(Yellow) 0.58-0.62 
B7(Coastal) 0.40-0.45 52cm 
B8(NIR2) 0.45-0.48 
PAN 0.45-0.80 
Table 2. Spectral range of different PAN sensors. 
Sensor 
Wavelength range (µm) Spatial 
PAN r esolution (m) 
G e oEye-1 0.45-0.80 0.5 
Q uickBird 0.45-0!X> 0.7 
Ikon os-2 0.45-0.90 1.0 
WorldView-2 0.45-0.80 0.46 
Spot5 0.48-0.71 5 
EOl(ALI) 0.48-0.69 10 
ALOS 0.52-0.77 2.5 
3.2 Pan-sharpening Techniques 
Two main approaches of pan-sharpening, namely MRA and 
CS, are compared in the present analysis. Multi-resolution 
analysis (MRA) is an approach based on fast Fourier 
transform (FFT)-enhanced intensity-hue- saturation (IHS) 
transformation (Figure 3). Since this methods is capable of 
preserving the spectral characteristic, generally it is suitable 
for image analysis purposes (Ling, et.al, 2007; Ehler, et.al., 
2010; Yuhendra, et.al, 2012). Another approach is the one 
based on component substitution (CS), a form of 
Gram-Schmidt transformation. The CS method performs 
fusion through MS transformation without any filtering 
operation of the PAN image. The re-sampled multispectral 
images are transformed from the RGB to IHS color space to 
obtain the intensity (I), hue (H), and saturation (S) 
components, and low-pass filtering (LPF) is applied to the 
intensity component. After high-pass filtering (HPF), the 
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PAN image is added to the low-pass filtered intensity 
component by means of inverse FFr'(FFT 1). Finally, inverse 
IHS transformation (IHS-1) is performed on the IHS image to 
create the fused image. 
Fourier Spectrum 
HPF 
Fourier Spectrum I ; .. · .. ·.-····_·····_····_·····-------. 
IP� l�+P:" 
Fig. 3 :MR.A fusion using FFT-Enhanced IHS 
3. 3 Multi-temporal analysis 
R' 
For analyzing information from multi-temporal 
observations, the following combinations are employed 
here: (1) both PAN and MS images of November 2007 
(QB _PAN_ MS), (2) PAN of November 2007 and MS of 
October 2011 (QB_PAN, WV_MS), (3) both PAN and 
MS images of October 2011 (WV _pAN_MS), and (4) 
PAN of October 2007 and MS of November 2011 
(WV_PAN,QB_MS). For each of these choices, both 
MRA and CS pan-sharpening methods are applied. 
In order to quantitatively evaluate scene changes from 
the resulting fusion images, comparison is made for the 
image quality in terms of quality indexes such as root 
mean square error (RMSE), relative average spectral error 
(RASE), and relative dimensionless global error in 
synthesis (ERGAS), These indexes have been given by 
(Deshmukh and Bhosale, 2010 ; Li et al., 2010). 100[1 ] 112 RASE= M -;; L�=I RMSE2 (Bi) (1) (2) 
These formulae can be used for comparing errors 
obtained from different methods, different cases and 
different sensors (Wald, 2000). The ERGAS index is 
given as 
ERGAS = 100 dh [_!_ z:.7 = 1(RMSE2 Jl"' (3) d/ n mean2 where dh/dl is the ratio between the pixel sizes of the PAN and MS images ( e.g., 1/4 for QB and WV data), and µ(i) is the mean of the i th band. Since ERGAS is a measure of distortion, its value must be as small as possible. 4. Results and discussion Figure 4 shows the fused images obtained with the CS and MRA fusion methods for the four choices of band combinations. In visual (quantitative) analysis, it is seen that CS fusion yields relatively sharp images for both PAN and MS images of October 2011 (WV _PAN_ MS) and PAN of October 2011 and MS of November 2007 (WV_PAN,QB_MS). Other results show somewhat blurred results due to temporal changes. For :MR.A fusion, the fusion of PAN and MS images of October 2011 (WV _PAN_ MS) gives better spectral quality (i.e., fidelity of colors to original) than other three combinations, which show color distortion as compared with original MS images. Table 3 and 4 summarize the values ofRMSE, RASE, and ERGAS indexes based on the CS and MRA approaches. Smaller parameter values (ideally zero values) indicate better preservation of the original information. The resulting index values obviously depend on the MS images chosen as reference (see also Fig. 4). In the case of CS fusion, when the reference is the PAN of October 2011 and MS of November 2007 (WV _PAN, QB_ MS), a better result is obtained as manifested in smaller values ofRMSE, RASE and ERGAS. CS fusion: Oct. / Oct. CS fusion: Oct./ Nov. 
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MRA fusion: Oct/ Oct MRA fusion: Oct/ Nov. 
Fig. 4 Scene changes after image fusion. 
Table 3. Quality index based on CS fusion. 
Index 
Scene changes temporal fusion 
Nov./Nov. NovJOct. OctJOct Oct./Nov. 
RMSE 1.81 7.61 1.65 0.90 
RASE 4.46 5.10 1.22 1.07 
ERGAS 1.91 4.72 0.29 0.08 
Table 4. Quality index based on MRA fusion. 
Index 
Scene changes temporal fusion 
Nov./Nov. NovJOct. OctJOct. Oct./Nov. 
RMSE 16.60 11.57 9.84 14.98 
RASE 15.55 7.19 6.28 13.78 
ERGAS 2.01 0.59 0.52 1.14 
5. Conclusion and Future Research 
We have investigated the multi-temporal fusion by 
multi-resolution analysis (MRA) and component substitution 
(CS) algorithms. In both quantitative and qualitative results, 
it has been found that the CS based method leads to better 
spatial quality (sharpness), whereas the MRA based method 
better spectral quality (fidelity to the original color). In the 
future research, the methodology presented in this paper can 
be extended to include the multi-temporal fusion of optical 
and synthetic aperture radar (SAR) images from satellite 
remote sensing. 
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